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© Driving force distribution control system for 4WD vehicle. 


© A driving force distribution control system for a 
vehicle includes a torque distributing clutch for vary- 
ing a driving force transmitted to a secondary drive 
wheels in response to a control signal, sensors for 
determining a wheel speed difference between the 
wheel speed of primary drive wheels and the wheel 
speed of the secondary drive wheels, and a longitu- 
dinal acceleration, and a control unit for controlling 
the clutch engagement force of the torque distribut- 


ing clutch by producing the control signal. The con- 
trol unit has a first control mode for normally control- 
ling the clutch engagement force in accordance with 
the wheel speed difference, and a second control 
mode for controlling the clutch engagement force in 
accordance with the longitudinal acceleration so as 
to prevent undesired hunting when a wheel spin of 
the primary or secondary drive wheels is detected. 
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DRIVING FORCE DISTRIBUTION CONTROL SYSTEM FOR 4 WD VEHICLE 


BACKGROUND OF THE INVENTION 

The present invention relates to a control sys- 
tem for controlling a driving force distribution be- 
tween front wheels and rear wheels of a vehicle, 
and more specifically to a driving force distribution 
control system capable of preventing hunting dur- 
ing acceleration on a low friction coefficient road 
surface. 

Japanese Patent Provisional (unexamined, 
KOKA1) Publication No. 63-13331 shows a conven- 
tional driving force distribution control system re- 
sponsive to a front and rear wheel speed dif- 
ference. This conventional system is designed to 
combine the handling advantage of the rear wheel 
drive, and the advantage of the four wheel drive in 
driving ability by increasing the driving force trans- 
mitted to the front wheels continuously with in- 
crease in the wheel speed difference. This control 
system thus controls the driving force distribution 
so as to reduce the wheel speed difference to zero 
by feeding back the wheel speed difference. 

However, this conventional control system is 
susceptible to undesirable hunting because of the 
existence of the feedback loop especially in a 
starting operation or a medium acceleration on a 
low friction coefficient road surface. When the front 
or rear wheels undergo a wheel spin (overspeed 
rotation) in such a situation, it readily affects the 
wheel speed difference by affecting the output of 
the wheel speed sensor, and results in undesirable 
oscillation of the clutch engagement force of a 
torque distributing transfer clutch. This oscillation, 
that is, hunting, causes unpleasant noises and vi- 
brations. 

Fig. 13 shows oscillation of the clutch engag- 
ment force which is produced by the conventional 
system when a vehicle having rear wheels directly 
driven by the engine and front wheels driven 
through a torque distributing transfer clutch is rap- 
idly started on a slippery road surface. Immediately 
after the start, as shown in Fig. 13, the rear wheels 
fall into wheel spin, and causes an increase in the 
wheel speed difference. In response to this in- 
crease in the wheel speed difference, the control 
system increases the clutch engagement force and 
increases the engine torque transmitted to the front 
wheels. By receiving the engine torque, the front 
wheels increase their speed rapidly because the 
inertia of the front wheel drive system is smaller 
than that of the rear drive system, and the front 
wheels too fall into wheel spin. This front wheel 
spin causes a sharp decrease in the wheel speed 
difference, and the control system sharply de- 
creases the clutch engagemnt force. With the 


sharp decrease of the clutch engagement force, 
the front wheels of the smaller inertia regain their 
gripping ability, and the wheel speed difference is 
sharply increased again. In this way, the conven- 

5 tional control system causes the clutch engage- 
ment force to swing upwardly and downwardly as 
shown in Fig. 13. During this hunting state, the 
. front wheels of smaller inertia alternate between the 
state of wheel spin and the state of grip in re- 

70 sponse to the oscillation of the clutch engagement 
force, while the rear wheels of greater inertia con- 
tinue in the wheel spin state. 


75 SUMMARY OF THE INVENTION 

It is an object of the present invention to pro- 
vide a driving force distribution control system 
which can prevent undesirable hunting. 

20 According to the present invention, a driving 
force distribution control system for a vehicle com- 
prises a torque distributing means, a first detecting 
means, a condition discriminating means, and a 
controlling means. 

25 The torque distributing means comprises a pri- 

mary drive means for transmitting a driving force 
from an engine of the vehicle to primary drive 
wheels, and a secondary drive means for transmit- 
ting a driving force from the engine to secondary 

30 drive wheels of the vehicle through a torque distrib- 
uting clutch which is capable of varying the driving 
force transmitted to the secondary drive wheels in 
response to a control signal. 

The first detecting means determines a wheel 

35 speed difference between a primary wheel speed 
of the primary drive wheels and a secondary wheel 
speed of the secondary drive wheels. 

The condition discrimating means detects a 
wheel spin of at least one of the wheels, and 

40 produces a wheel spin condition signal which is 
normally in a first signal state, and in a second 
signal state when the wheel spin is detected. 

The controlling means controls a clutch en- 
gagement force of the torque distributing clutch by 

45 producing the control signal in accordance with the 
wheel speed difference when the wheel spin con- 
dition signal is in the first signal state, and controls 
the clutch engagement force independently of the 
wheel speed difference so as to prevent the clutch 

so engagement force from being decreased by a de- 
crease of the wheel speed difference when the 
wheel spin condition signal is in the second signal 
state. 

In illustrated embodiments of the invention, the 
control system comprises, as shown in Fig. 1, the 
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primary drive means 302 for transmitting the driv- 
ing force from the engine 301 to the primary drive 
wheels 303 such as the rear wheels, the secondary 
drive means 304 for transmitting the driving force 
to the secondary drive wheels 305 such as the 
front wheels through the torque distributing clutch 
306, the first detecting means 307 for determining 
the wheel speed difference DVw, the condition 
discriminating means 308 for producing the wheel 
spin condition signal, and the controlling means 
309. 

The condition discriminating means 308 may 
be connected with a means 311 for sensing the 
primary or secondary wheel speed and a means 
310 for estimating a vehicle body speed, and ar- 
ranged to detect the wheel spin by comparing the 
primary or secondasry wheel speed with the ve- 
hicle body speed. 

The controlling means 309 may comprises a 
first processing means 309a for determining a first 
desired clutch engagement force in accordance 
with the wheel speed difference, a second process- 
ing means 309b for determining a second desired 
clutch engagement force which increases as a lon- 
gitudinal acceleration sensed by a means 312 in- 
creases, and a third processing means for produc- 
ing the control signal by selecting one between the 
first and second desired clutch engagement forces. 
Each of the first and second processing means 
309a and 309b may be arranged to modify the 
control characteristic in accordance with a lateral 
acceleration sensed by a mean 313. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view showing various 
means used in the invention. 

Fig. 2 is a schematic view of a four wheel 
drive vehicle equipped with a driving force control 
system according to a first embodiment of the 
invention. 

Fig. 3 is a block diagram showing a control 
unit of the first embodiment. 

Fig. 4 is a flow chart showing a control 
procedure performed by the control unit of the first 
embodiment 

Fig. 5 is a graph of a control characteristic of 
a clutch engagement force with respect to a wheel 
speed difference, which can be employed in the 
first embodiment 

Fig. 6 is a block diagram showing a control 
unit according to a second embodiment of the 
invention. 

Rg. 7 is a flow chart showing a control 
procedure performed by the control unit of the 
second embodiment. 

Rg. 8 is a graph showing a control char- 


acteristic of the clutch engagement force with re- 
spect to the longitudinal acceleration, which is used 
in the second embodiment. 

Rg. 9 is a time chart for showing operations 
5 of the control system of the second embodiment. 

Rg. 10 is a flow chart showing a control 
procedure performed by a control unit of a third 
embodiment of the invention. 

Rg. 11 is a time chart for showing oper- 
10 ations of the control system of the third embodi- 
ment 

Fig. 12 is a time chart for showing a long- 
period hunting. 

Fig. 13 is a time chart for showing a short- 
75 period hunting appearing in the conventional con- 
trol system. 

DETAILED DESCRIPTION OF THE INVENTION 

20 A first embodiment of the present invention is 

shown in Figs. 2-4. 

Rg. 2 shows a 4WD vehicle equipped with a 
torque split control system (driving force distribu- 
tion control system). 

25 The vehicle has a drive system which includes 

a prime mover such as an engine 1 , a transmission 
2, a transfer input shaft 3, a rear propeller shaft 4, a 
rear differential 5, rear wheels 6, a transfer output 
shaft 7, a front propeller shaft 8, a front differential 

30 9, front wheels 10, and a transfer 11. In ths em- 
bodiment, the rear wheels 6 are primary drive 
wheels, and the front wheels 10 are secondary 
drive wheels. From the transmission 2, engine 
torque is transmitted to the rear wheels 6 through a 

35 rear drive line which serves as a primary drive 
means for transmitting engine torque directly to the 
primary drive wheels, and transmitted to the front 
wheels 10 through a front drive line which serves 
as a secondary drive means having a torque dis- 

40 tributing clutch (or a transfer clutch). In this em- 
bodiment, the torque distributing clutch is a wet 
type multiple disc clutch provided in the transfer 
11. Therefore, the engine torque is transmitted 
directly to the rear wheels 6. On the other hand, 

45 the engine torque is transmitted to the front wheels 
10 through the torque distributing clutch which is 
capable of continuously varying the torque trans- 
mitted to the front wheels, and completely dis- 
connecting the front wheels 10 from the engine 1. 

so The transfer and its torque distributingclutch are 
illustrated and explained more in detail in com- 
monly assigned United States Patents Numbers 
4,754,834; 4,757,870; 4,773,500; 4,776,424; 
4,846,298; 4,874,056 and 4,887,689, commonly as- 

55 signed United States Applications Serial Nos. 
07/254,875; 07/255,820; 07/277,377 and 
07/255,939, and Japanese Patent Application No. 
63-325379. The related explanations and figures of 
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these patents are herein incorporated by reference. 

The torque split (driving force distribution) con- 
trol system further includes a hydraulic system 20 
for producing a control oil pressure Pc supplied to 
the distributing clutch, a group of various sensors 5 
30, and a torque split control unit 40. The control 
unit 40 produces a dither current i* in accordance 
with output signals of the sensors 30, and controls 
the clutch engagement force of the torque distribu- 
tion clutch of the transfer 11 by sending the dither 10 
current to a solenoid valve 28 of the hydraulic 
system 20. 

The hydraulic system 20 includes a relief 
switch 21 , a motor 22, an oil reservoir tank 23, an 
oil pressure pump 24, a check valve 25, an accu- 75 
mulator 26, and the above-mentioned solenoid 
valve 28. The motor 22 is turned on and off by the 
relief switch 21 , and drives the oil pump 24 which 
sucks the oil from the reservoir tank 23. The oil 
pressure discharged from the pump 24 (primary oil 20 
pressure) is supplied through the check valve 25, 
and stored in the accumulator 26. The solenoid 
valve 28 receives a line pressure (secondary pres- 
sure) from the accumulator 26, and produces the 
control oil pressure Pc in accordance with the 25 
dither current i" sent from the control unit 40. The 
control oil pressure Pc issupplied to the torque 
distributing clutch of the transfer 1 1 through an oil 
pipe 29. In this way, the control unit 40 can vary 
the engagement force of the torque distributing 30 
clutch substantially in a continuous (stepless) man- 
ner. 

As shown in Fig. 3, the sensor group 30 of this 
embodiment includes a front left wheel rotation 
sensor 30a for sensing the number of revolutions of 35 
the front left wheel 10, a front right wheel rotation 
sensor 30b for sensing the number of revolutions 
of the front right wheel 10, a rear left wheel rotation 
sensor 30c for sensing the number of revolutions of 
the rear left wheel 6, a rear right wheel rotation 40 
sensor 30d for sensing the number of revolutions 
of the rear right wheel 6, a first lateral (side) accel- 
eration sensor 30e, a second lateral (side) accel- 
eration sensor 30f, and a longitudinal acceleration 
sensor 30g for sensing a longitudinal acceleration 45 
of the vehicle, and producing a signal Sxg repre- 
senting the longitudinal acceleration. 

The torque split control unit 40 includes a 
circuit 40a for receiving the signal Swfl of the front 
left wheel rotation sensor 30a and determining a so 
front left wheel speed Vwfl. a circuit 40b for receiv- 
ing the signal Swfr of the front right wheel rotation 
sensor 30b and determining a front right wheel 
speed Vwfr, a circuit 40c for receiving the signal 
Swrl of the rear left wheel rotation sensor 30c and 55 
determining a rear left wheel speed Vwrl, and a 
circuit 40d for receiving the signal Swrr of the rear 
right wheel rotation sensor 30d and determining a 


rear right wheel speed Vwrr. The torque split con- 
trol unit 40 further includes a circuit 40e connected 
with the circuits 40a and 40b, for determining a 
front wheel speed Vwf, a circuit 40f connected with 
the circuits 40c and 40d, for determining a rear 
wheel speed Vwr, and a circuit 40g connected with 
the circuits 40e and 40f, for determining a front and 
rear wheel speed difference DVw. The front wheel 
speed Vwf is an average (arithmetic mean) of Vwfl 
and Vwfr, and the rear wheel speed Vwr is an 
average (arithmetic mean) of Vwrl and Vwrr. In this 
embodiment, the front and rear wheel speed dif- 
ference DVw is a difference obtained by subtrac- 
ting the front wheel speed Vwf (i.e. a secondary 
wheel speed) from the rear wheel speed Vwr (i.e. a 
primary wheel speed). 

The torque split control unit 40 of this embodi- 
ment further includes a circuit 40h for computing a 
desired clutch engagement force Tm, a Tm-i con- 
verting circuit 40i for converting the output signal of 
the circuit 40h to a current signal i, an output circuit 
40j for outputting the dither current P, a circuit 40I 
for determining a lateral acceleration (or side accel- 
eration) Yg of the vehicle by using an output signal 
Syg1 of the first lateral acceleration sensor 30e and 
an output signal Syg2 of the second lateral accel- 
eration sensor 30f, a circuit 40m for determining a 
gain Kh in accordance with the lateral acceleration 
Yg, a circuit 40n for determining a vehicle body 
speed VL The control unit 40 further includes 
analog-to-digital converters A/D and a digital-to- 
analog converter D/A. 

The torque split control unit 40 of this embodi- 
ment controls the driving force distribution accord- 
ing to a control procedure shown in Fig. 4. 

At a step 80, the analog signals Swfl, Swfr, 
Swrl, Swrr, Sygl, Syg2 and Sxg are inputted to the 
control unit 40. 

At a step 81, the control unit 40 determines the 
front left wheel speed Vwfl, the front right wheel 
speed Vwfr, the rear left wheel speed Vwrl, and the 
rear right wheel speed Vwrr by using the period of 
a comparator output of each rotation sensor signal. 

At a step 82. the control unit 40 determines the 
front wheel speed Vwf, the rear wheel speed Vwr, 
and the lateral acceleration Yg. In this embodiment, 
the front wheel speed Vwf is the average of the 
front left and front right wheel speeds Vwfl and 
Vwfr, the rear wheel speed Vwr is the average of 
the rear left and rear right wheel speeds Vwrl and 
Vwrr, and the lateral acceleration Yg is the average 
of the first and second lateral accelerations Yg1 
and Yg2, respectively, represented by the signals 
Syg1 and Syg2 of the first and second lateral 
acceleration sensors 30e and 30f. 

At a step 83, the control unit 40 determines the 
wheel speed difference DVw which is a difference 
obtained by subtracting the front wheel speed Vwf 
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(that is, the secondary wheel speed) from the rear 
wheel speed Vwr (that is, the primary wheel 
speed). In this embodiment, DVw is zero when Vwf 
is higher than Vwr, and DVw is equal to or higher 
than zero. 

At a step 84. the control unit 40 determines a 
control gain Kh in accordance with the reciprocal of 
the lateral acceleration Yg by using the following 
equation. 

Kh = a/Yg (provided that Kh < b) 

For example, a = 1 and b = 10. That is, Kh is 

inversely proportional to Yg. 

At a step 85, the control unit 40 determines a 
vehicle body speed VI. In this embodiment, the 
vehicle body speed Vi is equal to the time integral 
of the absolute value of the longitudinal accelera- 
tion Xg sensed by the longitudinal acceleration 
sensor 30g. 

Then, the control unit 40 determines, at a step 
86, whether the vehicle is in a predetermined ac- 
celerating state, and determines, at a step 87, 
whether the rear wheels 6 (the primary drive 
wheels) are in a wheel spin state. The control unit 
40 of this embodiment determines, at the step 86, 
whether the longitudinal acceleration Xg sensed by 
the longitudinal acceleration sensor 30g is equal to 
or higher than a predetermined longitudinal accel- 
eration value Xgo (0.1 m/sec 2 , for example). At the 
step 87, the control unit 40 of this embodiment 
determines whether the rear wheel speed Vwf (i.e. 
the primary wheel speed) is equal to or higher than 
a threshold speed f(vi) which is a function of the 
vehicle body speed Vi. For example, the threshold 
speed f(Vi) is given by; 
f(Vi) = Vi x 1.05 + 8 (km/h) 

If either (or both) of the answers of the decision 
steps 86 and 87 are negative, then the control unit 
40 proceeds to a step 88. If both the conditions of 
the decision steps 86 and 87 are satisfied, then the 
control unit 40 proceeds to a step 89. At the step 
88, the control unit 40 computes a desired clutch 
engagement force Tm by using the control gain Kh 
and the wheel speed difference DVw. In this em- 
bodiment, the desired clutch engagement force Tm 
determined at the step 88 is equal to a product 
obtained by multiplying the wheel speed difference 
DVw by the control gain Kh. However, it is optional 
to employ a control characteristic shown in Fig. 5. 
At the step 89, the control unit 40 computes the 
desired clutch engagement force Tm without using 
the wheel speed difference DVw. In this embodi- 
ment, the desired clutch engagement force Tm of 
the step 89 is determined from the longitudinal 
acceleration Xg and the absolute value |Yg| of the 
lateral acceleration Yg by using the following equa- 
tion. 

Tm = Kxg(Xg-2*|Yg|) 

That is, the desired clutch engagement force Tm 


obtained at the step 89 is increased as the longitu- 
dinal acceleration Xg increases, and proportional to 
the longitudinal acceleration Xg when the lateral 
acceleration is zero, and it is decreased as the 

5 lateral acceleration increases, in order to improve 
the cornering performance. In this embodiment, Yg 
is positive when the lateral acceleration is in one of 
the left and right directions, and Yg is negative 
when the lateral acceleation is in the other direo 

io tion. 

At a step 90, the control unit 40 converts the 
signal representing the -desired clutch engagement 
force Tm determined at the step 88 or 89, into a 
solenoid drive current i by using a predetermined 

rs Tm-i characteristic table. 

At a step 91 , the control unit 40 delivers the 
dither current r (i ± 0.1 A, 100 Hz. for example) to 
the solenoid valve 28 to achieve the desired clutch 
engagement force Tm determined at the step 88 or 

20 89. 

The control system of the first embodiment is 
operated as follows: 


25 (A) Normal operation 

When the vehicle is moving in a straight line on 
a road of a high friction coefficient, and the front 
and rear wheels are free from wheel spin 

30 (overspeed rotation), then the control unit 40 pro- 
ceeds from the step 86 or 87 to the step 88, and 
increases the clutch engagement force of the 
torque distributing clutch as the wheel speed dif- 
ference DVw increases. Therefore, the control sys- 

35 tern can prevent slip of the primary drive rear 
wheels 6 by increasing the allotment of the driving 
force distributed to the front wheels. Furthermore, 
the control system can prevent the undesired effect 
of tight corner braking by decreasing the control 

40 gain Kh in accordance with the lateral acceleration 
Yg, and minimize the drive wheel slip by increasing 
the control gain Kh on a slippery road where the 
lateral acceleration is low. 

45 . 

(B) Acceleration on a low friction coefficient road 

When four wheel spin occurs in a rapid start or 
a medium acceleration on a low fricton coefficient 

so road, the control unit 40 proceeds from the step 87 
to the step 89, and calculates, at the step 89, the 
desired clutch engagement force Tm which is 
greater than the clutch engagement force of the 
step 88. Thus, the control system of this embodi- 

55 ment increases the clutch engagement force to 
increase the tendency to the 4WD state, even if the 
wheel speed difference DVw is still low, when the 
control system detects a rear wheel spin preceding 
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the four wheel spin. Therefore, the control system 
can prevent hunting, that is, undesirable oscillation 
of the controlled clutch engagement force, so that 
noises and vibrations due to the hunting are pre- 
vented, and the durability of the torque distributing 
clutch is improved- Furthermore, the control sys- 
tem of this embodiment improves the driving per- 
formance of the vehicle in low friction coefficient 
road conditions by increasing the tendency to the 
4WD state. The control system of this embodiment 
is arranged to compute the desired clutch engage- 
ment force Tm of the step 89 by using not only the 
longitudinal acceleration Xg but also the lateral 
acceleration Yg. Therefore, the control system of 
the embodiment can improve the cornering stability 
by decreasing the clutch engagement force at ac- 
celeration on a turn. However, it is possible to 
modify the step 89 so that the clutch engagement 
force Tm of the step 89 is determined in accor- 
dance with the longitudinal acceleration Xg alone 
without using the lateral acceleration, or the clutch 
engagement force is fixed at such a high constant 
value as to ensure a sufficiently rigid 4WD state, 
irrespective of vehicle operating conditions and 
road conditions. 

In this embodiment, the rear wheels are the 
primry drive wheels directly connected with the 
engine. However, the present invention is applica- 
ble to a vehicle in which the front wheels are the 
primary drive wheels and the rear wheels are the 
secondary drive wheels. 

A second embodiment of the present invention 
is shown in Figs. 6-9. 

As shown in Fig. 6, a torque split (driving force 
distribution) control system of the second embodi- 
ment is almost the same as the control system of 
the first embodiment. The clutch engagement force 
computing circuit 40h of the second embodiment is 
connected with the front wheel speed computing 
circuit 40e, and designed to detect a wheel spin of 
the front (secondary drive) wheels 1 0. 

The control unit 40 of the second embodiment 
controls the driving force distribution by performing 
a control procedure shown in Fig. 7 at regular 
intervals of 10 msec, for example. 

At a step 580, the control unit 40 of the second 
embodiment obtains the front left wheel speed 
Vwfl, the front right wheel speed Vwfr, the rear left 
wheel speed Vwrl, the rear right wheel speed Vwrr, 
the first and second lateral accelerations Yg1 and 
Yg2, and the longitudinal acceleration Xg. 

At a step 581 , the control unit 40 computes the 
front wheel speed Vwf by averaging the front left 
and right wheel speeds Vwfl and Vwfr, the rear 
wheel speed Vwr by averaging the rear left and 
right wheel speeds Vwrl and Vwrr, and the lateral 
acceleration (or side acceleration) Yg by averaging 
the first and second lateral accelerations Yg1 and 


Yg2. 

At steps 582-584, the control unit 40 estimates 
a vehicle body speed* Vff. 

At the step 582, the control unit 40 determines 

5 whether the current front wheel speed Vwf obtained 
in the current execution of the control cycle is 
equal to or higher than an old vehicle body speed 
Vff'. The old vehicle body speed Vff' is a value of 
the vehicle body speed which was determined in 

io the previous repetition of the control cycle, 10 
msec ago. Thus, the control unit 40 determines 
whether the vehicle is in an accelerating state. If 
the current front wheel speed Vwf is equal to or 
higher than the old vehicle body speed Vff', then 

75 the control unit 40 proceeds from the step 582 to 
the step 583. If the current front wheel speed Vwf 
is lower than the old vehicle body speed Vff', then 
the control unit 40 proceeds to the step 584. 

At the step 583, the control unit 40 -computes 

20 the new vehicle body speed Vff by using the 
following equation. 

Vff = Vff' + (Xg + 0.1 G)* 10 msec (provided that 
Vff < Vwf) 

At the step 584, the control unit 40 computes 
25 the new vehicle body speed Vff by using the 
following equation. 

Vff = Vff' - 10GMO msec (provided that Vff £ Vwf) 
At steps 585-590, the control unit 40 deter- 
mines whether the front (secondary drive) wheels 

30 10 are in a wheel spin state. 

At the step 585, the control unit 40 determines 
whether the current front wheel speed Vwf is equal 
to or higher than a predetermined threshold wheel 
speed. In the second embodiment, the threshold 

35 wheel speed is Vff + Vth (for example, Vth = 1 
km/h). If the current front wheel speed Vwf is equal 
to or higher than the threshold speed Vff + Vth, 
then the control unit 40 increments a timer count 
Tspin (Tspin = Tspin + 1), at the step 86. If the 

40 answer of the decision step 85 is negative, then the 
control unit 40 resets the timer to zero (Tspin = 0). 

At the step 588, the control unit 40 determines 
whether the timer count Tspin is equal to or greater 
than a predetermined time duration Tth. If it is, the 

45 control unit 40 sets a wheel spin condition flag 
Fspin equal to one (Fspin = 1 ). If the timer count 
Tspin is smaller than Tth, then the control unit 40 
sets the wheel spin flag Fspin equal to zero (Fspin 
= 0). 

so At steps 591-594, the control unit 40 computes 

the desired clutch engagement force. 

At the step 591 , the control unit 40 computes 
the front and rear wheel speed difference DVw by 
subtracting the front wheel speed Vwf from the rear 
55 wheel speed Vwr. That is, DVw = Vwr - Vwf 
(provided that DVw £ 0). 

At the step 592, the control unit 40 determines 
the control gain Kh by dividing a predetermined 
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constant a by the lateral accelratlon Yg. 

Kh = a/Yg (provided that Kh £ b) 

The control gain Kh of this embodiment is inversely 

proportional to the lateral accelerating Yg. 

At the step 593, the control unit 40 determines 
a first desired clutch engagement force Tdv by 
multiplying the wheel speed difference DVw by the 
control gain Kh. It is optional to employ the control 
characteristic shown in Fig. 5. 

At the step 594, the control unit 40 determines 
a second desired clutch engagement force Txg by 
using the longitudinal acceleration Xg, the absolute 
value of the lateral acceleration Yg, and constants 
Kxg and Kyg. The equation used in the step 594 is; 
Txg = Kxg(Xg - Kyg*|Yg|) (provided that Txg £ 0) 

For example. Kxg = 100 and Kyg = 2. 

At steps 595-597, the control unit 40 selects 
one of the first and second clutch engagement 
forces Tdv and Txg. 

At the step 595, the control unit 40 determines 
whether the wheel spin flag Fspin is equal to one. If 
it is, the control unit 40 proceeds to the step 596, 
and determines the final clutch engagement force 
Tm by selecting the greater of the first and second 
desired clutch engagement forces Tdv and Txg. 
That is, the final clutch engagement force Tm is set 
equal to Tdv if Tdv is greater than Txg, and set 
equal to Txg if Txg is greater than Tdv. If the wheel 
spin flag Fspin is equal to zero, then the control 
unit 40 sets the final clutch engagement force Tm 
equal to the first clutch engagement force Tdv 
responsive to the wheel speed difference, at the 
step 597. 

At a step 598, the control unit 40 converts the 
final clutch engagement force Tm determined at 
the step 96 or 97 into the solenoid drive current i 
by using a predetermined TmH relationship table. 

At a step 599, the control unit 40 delivers the 
dither current i* (for example, i + 0.1 A, 100 Hz) to 
the solenoid valve 28 to achieve the clutch engage- 
ment force Tm. 

The control system of the second embodiment 
is operated as follows: 

When the vehicle is in a normal straight opera- 
tion on a high friction coefficient road without front 
wheel spin, the control unit 40 proceeds from the 
step 595 to the step 597, and therefore, prevents 
drive wheel slip of the rear wheels by increasing 
the clutch engagement force of the torque distribut- 
ing transfer clutch as the wheel speed difference 
DVw increases. During a turn on a high friction 
coefficient road, the control unit 40 prevents the 
undesired effect of tight corner braking by decreas- 
ing the control gain Kh with increase in the lateral 
acceleration (or side acceleration) Yg. During a turn 
on a low friction coefficient road, the control unit 40 
can reliably prevent drive wheel slip by increasing 
the tendency to the 4 WD state by increasing the 


control gain Kh as the reciprocal of the lateral 
acceleration increases. 

When a front wheel spin occurs on a low 
friction coefficient road because of a rapid accel- 

5 eration to start the vehicle, or a medium accelera- 
tion, the control unit 40 proceeds from the step 595 
to the step 596, and increases the clutch engage- 
ment force of the torque distributing transfer clutch 
by selecting the greater of the first and second 

io desired clutch engagement forces Tdv and Txg. 
Therefore, the control system of the second em- 
bodiment detects a front wheel spin at an instant to 
as shown in Fig. 9, and changes the control mode 
at the instant to from the control responsive to the 

75 wheel speed difference, to the control responsive 
to the longitudinal acceleration. In this way, the 
control system prevents the undesirable hunting by 
preventing the clutch engagement force from de- 
creasing with decrease in the wheel speed dif- 

20 ference, as shown in Fig. 9. This control system 
can prevent undesirable noise and vibrations of the 
vehicle by preventing the hunting of the control 
system, and improve the durability of the clutch. 
Furthermore, the control system of the second em- 

25 bodiment can improve the driving performance on 
a low friction coefficient road by preventing exces- 
sive rear wheel spin by increasing the tendency to 
the 4WD state. During a cornering and accelerating 
operation in which the lateral acceleration Yg tends 

30 to increase, the control unit decreases the clutch 
engagement force Txg in accordance with the lat- 
eral acceleration Yg, and prevents the understeer- 
ing characteristic from becoming too strong. 

However, it is possible to determine the second 

35 desired clutch engagement force Txg in accor- 
dance with the longitudinal acceleration Xg (which 
is a variable corresponding to the friction coeffi- 
cient of the road surface) alone without using the 
lateral acceleration. 

40 A third embodiment of the invention is shown 

in Fig. 10. A control system of the third embodi- 
ment is almost the same as the control system of 
the second embodiment 

The control unit 40 of the third embodiment 

45 performs the control program shown in Fig. 10 at 
regular time intervals of 10 msec. 

The steps 780-794 of Fig. 10 are substantially 
identical to the steps 580-594 of Fig. 7, respec- 
tively. 

so Steps 795 and 796 of Fig. 10 are designed to 

handle tack-in of the vehicle. 

At the step 795, the control unit 40 of the third 
embodiment determines whether the longitudinal 
acceleration Xg is equal to or lower than a pre- 
ss determined threshold value Xgth for discrimination 
of tack-in (for example, Xgth = +0.1G; i.e. the 
longitudinal acceleration in the rearward direction, 
having the magnitude of 0.1 G). Alternatively, the 
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control unit 40 determines, at the step 795. whether 
the throttle valve of the engine is in a fully closed 
position. In this case, the control system includes a 
throttle (accelerator) position sensor 30h f as shown 
by a broken line in Rg. 2, for detecting the fully 
closed throttle position. If the answer of the step 95 
for discriminating the tack-in condition is affirma- 
tive, then the control unit 40 proceeds to the step 
796, and sets the second clutch engagement force 
Txg equal to zero. Thus, the control system of the 
third embodiment makes the clutch engagement 
force equal to 2ero when the possibility of the tack- 
in is high. 

At a step 797 of Rg. 10, the control unit 40 
determines whether the front wheel spin condition 
flag Fspin is equal to one. If it is, then the control 
unit 40 proceds to a step 798. If it is not, then the 
control unit 40 proceeds to a step 799. 

At the step 798, the control unit 40 determines 
a third clutch engagement force Txg' dependent on 
the longitudinal acceleration Xg by using the sec- 
ond clutch engagement force Txg obtained at the 
step 794 or 796. That is, the third clutch engage- 
ment force Txg' is set equal to the second clutch 
engagement force Txg determined at the step 94 
or 96. 

At the step 799, the control unit 40 determines 
the third clutch engagement force Txg by select- 
ing the smaller of the second clutch engagement 
force Txg determined at the step 794 or 796, and 
an old clutch engagement force Txg old which is 
an old value of the third clutch engagement force 
Txg , determined in the previous repetition of the 
control cycle, 10 msec ago. At the step 799. the 
third clutch engagement force Txg' is set equal to 
the old third clutch engagement force Txg old 
when Txg'old is smaller than Txg, and set equal to 
the second clutch engagement force Txg deter- 
mined at the step 794 or 796 of the current control 
cycle if Txg is smaller than Txg'old. In this way, 
the control unit 40 inhibits the third clutch engage- 
ment force Txg from increasing when Fspin = 0. 

At a step 800, the control unit 40 of the third 
embodiment determines the final clutch engage- 
ment force Tm by selecting the greater of the third 
clutch engagement force Txg' obtained at the step 
798 or 799, and the first clutch engagement force 
Tdv obtained at the step 793. That is, the final 
clutch engagement force Tm is equal to the first 
clutch engagement force Tdv if Tdv is greater than 
Txg', and equal^ to the third clutch engagement 
force Txg' if Txg' is greater than Tdv. 

At a step 801 , the control unit 40 converts the 
final clutch engagement force Tm determined at 
the step 800, into the solenoid drive current i by 
using a predetermined Tm-i characteristic table. At 
a step 802, the control unit 40 sends the dither 
current i* to the solenoid valve 28. 


When the vehicle is in a straight ahead opera- 
tion on a dry paved road without undergoing front 
wheel spin, the control unit 40 of the third embodi- 
ment follows the sequence of steps 794-795-797- 

5 799-800-801-802 in the flowchart shown in Rg. 10. 
Accordingly, the control unit 40 selects the first 
clutch engagement force Tdv responsive to the 
front and rear wheel speed difference DVw, and 
prevents a drive wheel slip by increasing the driv- 

io ing force distributed to the front wheels as the 
wheel speed difference DVw increases. Further- 
more, the control system can prevent the undesir- 
ed effect of tight corner braking by decreasing the 
control gain Kh with increase in the lateral accel- 

75 eration, as in the preceding embodiments. 

When a front wheel spin is produced on a 
slippery road surface during a rapid starting opera- 
tion or a medium accelerating operation, the control 
unit 40 follows the sequence of steps 794-795-797- 

20 798-800-801-802. Accordingly, the control unit 40 
selects the second clutch engagement force Txg 
based on the longitudinal acceleration Xg, and 
makes the clutch engagement force of the torque 
distributing clutch high in accordance with the lon- 

25 gitudinal acceleration, as shown in Rg. 8. Thus, the 
control system of the third embodiment changes 
the control mode from the first mode based on the 
wheel speed difference to the second mode to 
prevent hunting, at an instant at which a front wheel 

30 spin is detected, and prevents short-period hunting 
peculiar to the control responsive to the wheel 
speed difference. During a turn with acceleration, 
the control system decreases the second clutch 
engagement force Txg in accordance with the lat- 

35 eral acceleration Yg, . and prevents the vehicle 
steering characteristic from becoming strong un- 
dersteer. 

In general, the vehicle body speed is estimated 
by integrating the longitudinal acceleration or some 

40 other approximate calculation because it is very 
difficult to accurately detect the actual vehicle body 
speed. As a result, the estimated vehicle body 
speed Vff approaches the front wheel speed Vwf 
with error due to integration, and the answer of the 

45 front wheel spin detecting step 785 becomes nega- 
tive while the front wheels are still in the wheel spin 
state with respect to the true vehicle body speed. If 
the control system were designed to terminate the 
control for preventing hunting at the time of reset of 

so the wheel spin flag Fspin to zero, then the control 
based on the wheel speed difference whould be 
resumed prematurely, resulting in recurrence of the 
front wheel spin and a long-period hunting, as 
shown in Fig. 12. 

55 When the answer of the step 785 becomes 
negative to indicate the termination of the wheel 
spin state, and the wheel spin flag Fspin is cleared, 
the control system of the third embodiment follows 
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the sequence of steps 797-799-800. Therefore, the 
control unit 40 of the third embodiment prevents 
the third clutch engagement force Txg from in- 
creasing, and continues the hunting preventive con- 
trol based on the longitudinal acceleration until the 
first clutch engagement force Tdv exceeds the 
third clutch engagement force Txg'. By continuing 
the hunting preventive control for a limited time 
interval after the detection of absence of the front 
wheel spin condition, the control system of the 
third embodiment can prevent the long-period hunt- 
ing which would be caused by error in the front 
wheel spin condition detection, resulting from accu- 
mulation of estimation error of the vehicle body 
speed. Thus, the control system of the third em- 
bodiment can prevent unpleasant noises and vibra- 
tions of the vehicle and improve the durability of 
the torque distributing clutch by preventing both 
the short-period hunting shown in Fig. 13 and the 
long-period hunting shown in Fig. 12. Furthermore, 
the control system can prevent excessive wheel 
spin and improve the driving performance in a 
rapid start or a medium acceleration on a slippery 
road surface by performing the hunting preventing 
control which provides a high clutch engagement 
force corresponding to the magnitude of the ve- 
hicle acceleration. 

If the accelerator pedal is released during the 
hunting preventive control, the control unit 40 of the 
third embodiment makes the second clutch en- 
gagement force Txg equal to zero at the step 796. 
Therefore, the control system of the third embodi- 
ment puts the drive system in the two rear wheel 
drive state during an accelerator-off operation, and 
improve the yawing response of the vehicle by 
decreasing the understeer tendency due to the four 
wheel drive and utilizing the tuck-in. 

When the vehicle is started with rapid accelera- 
tion on a low friction coefficient road, the control 
system of the third embodiment controls the clutch 
engagement force as shown in Fig. 11. As shown 
in Fig. 11, the control system of the third embodi- 
ment prevents the short-period hunting shown in 
Fig. 13 by starting the hunting preventing control 
when the front wheel spin is detected, and prevents 
the long-period hunting shown in Fig. 12 by con- 
tinuing the hunting preventing control after the sub- 
sidence of the front wheel spin. When the accelera- 
tor pedal is released, the control system of the 
third embodiment temporarily decreases the clutch 
engagement force to zero, as shown in Fig. 11 to 
improve the yawing characteristic. 

The control system of the third embodiment is 
arranged to terminate the hunting preventive con- 
trol when the first desired clutch engagement force 
dependent on the wheel speed difference exceeds 
the second clutch engagement force dependent on 
the longitudinal acceleration. However, it is possible 
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to terminate the hunting preventive control at the 
end of a predetermined constant time interval start- 
ing from the change of the" flag Fspin from one to 
zero, or at the . end of a variable time interval 
5 determined in accordance with the longitudinal ac- 
celeration. 


Claims 

10 

1. A driving force distribution control system for 
a vehicle, comprising; 

a torque distributing means comprising a primary 
drive means for transmitting a driving force from an 

15 engine of the vehicle to primary drive wheels of the 
vehicle, and a secondary drive means for transmit- 
ting a driving force from the engine to secondary 
drive wheels of the vehicle through a torque distrib- 
uting clutch capable of varying the driving force 

20 transmitted to the secondary drive wheels in re- 
sponse to a control signal, 

a first detecting means for determining a wheel 
speed difference between a primary wheel speed 
of said primary wheels and a secondary wheel 

25 speed of said secondary wheels, 

a condition discriminating means for detecting a 
wheel spin of at least one of said wheels, and 
producing a wheel spin condition signal which is 
normally in a first signal state, and in a second 

30 signal state when the wheel spin is detected, 

a controlling means for controlling a clutch engage- 
ment force of said torque distributing clutch by 
producing said control signal in accordance with 
said wheel speed difference when said wheel spin 

35 condition signal is in said first signal state, and 
controlling the clutch engagement force indepen- 
dently of said wheel speed difference so as to 
prevent the clutch engagement force from being 
decreased by a decrease of said wheel speed 

40 difference when said wheel spin condition signal is 
in said second state. 

2. A driving force distribution control system 
according to Claim 1 wherein said control system 
further comprises a second detecting means for 

45 estimating a vehicle body speed of the vehicle, and 
said condition discriminating means includes a 
means for comparing a monitored wheel speed 
with a threshold wheel speed which is a predeter- 
mined function of said vehicle body speed es- 

50 timated by said vehicle body speed estimating 
means, and producing said wheel spin condition 
signal in said second signal state when said mon- 
itored wheel speed is equal to or higher than said 
threshold wheel speed, said monitored wheel 

65 speed being one of said primary wheel speed and 
said secondary wheel speed. 

3. A driving force distribution control system 
according to Claim 2 wherein said control system 
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further comprises a third detecting means for de- 
termining a longitudinal acceleration of the vehicle, 
and said controlling means increases the clutch 
engagement force in accordance with said longitu- 
dinal acceleration when said wheel spin condition 
signal is in said second signal state. 

4. A driving force distribution control system 
according to Claim 3 wherein said controlling 
means comprises a first processing means for pro- 
ducing a first intermediate signal representing a 
first desired clutch engagement force which in- 
creases as said wheel speed difference increases, 
a second processing means for producing a sec- 
ond intermediate signal representing a second de- 
sired clutch engagement force which increases as 
said longitudinal acceleration increases, and a third 
processing means for producing said control signal 
in accordance with one of said first and second 
Intermediate signals. 

5. A driving force distribution control system 
according to Claim 4 wherein said second detect- 
ing means is connected with said third detecting 
means, for estimating said vehicle body speed by 
using said longitudinal acceleration. 

6. A driving force distribution control system 
according to Claim 4 wherein said control system 
further comprises a fourth detecting means for de- 
termining a lateral acceleration of the vehicle, and 
said second processing means of said controller 
means is connected with said third and fourth de- 
tecting means, and produces said second inter- 
mediate signal so that said second desired clutch 
engagement force increases as said longitudinal 
acceleration increases, and said second desired 
clutch engagement force decreases as said lateral 
acceleration increases. 

7. A driving force distribution control system 
according to Claim 6 wherein said second desired 
clutch engagement force represented by said sec- 
ond intermediate signal is equal to a product ob- 
tained by multiplying a remainder by a first pre- 
determined coefficient, said remainder being a re- 
sult remaining after subtraction from said longitudi- 
nal acceleration, of a product obtained by multiply- 
ing said lateral acceleration by a second predeter- 
mined coefficient. 

8. A driving force distribution control system 
according to Claim 7 wherein said primary drive 
wheels are rear wheels of the vehicle, and said 
secondary drive wheels are front wheels of the 
vehicle. 

9. A driving force distribution control system 
according to Claim 2 wherein said controlling 
means includes a means for determining a first 
desired clutch engagement force in accordance 
with said wheel speed difference, producing said 
control signal representing said first desired clutch 
engagement force when said wheel spin condition 


signal is in said first signal state, and holding said 
control signal higher than said first desired clutch 
engagement force when said wheel spin condition 
signal is in said second signal state. 

5 10. A driving force distribution control system 

according to Claim 9 wherein said controlling 
means includes a means for fixing said control 
signal at a predetermined constant value when said 
wtieel spin condition signal is in said second signal 

io state. 

11. A driving force distribution control system 
according to Claim 2 wherein said monitored wheel 
speed is said primary wheel speed, and said con- 
dition discriminating means detects the wheel spin 

is of said primary drive wheels by monitoring said 
primary wheel speed. 

12. A driving force distribution control system 
according to Claim 1 1 wherein said control system 
further comprises a third detecting means for de- 

20 termining a longitudinal acceleration of the vehicle, 
and said condition discriminating means produces 
said wheel spin condition signal in said second 
signal state only when said longitudinal accelera- 
tion is equal to or higher than a predetermined 

25 acceleration value. 

13. A driving force distribution control system 
according to Claim 2 wherein said first detecting 
means comprises a means for detecting said pri- 
mary wheel speed, and a means for detecting said 

30 secondary wheel speed, and said condition dis- 
criminating means is connected with said secon- 
dary wheel speed detecting means, for detecting 
the wheel spin of said secondary drive wheels by 
monitoring said secondary wheel speed. 

35 14. A driving force distribution control system 

according to Claim 13 wherein said control system 
further comprises a third detecting means for de- 
termining a longitudinal acceleration of the vehicle, 
and said controlling means increases the clutch 

40 engagement force of said torque distributing clutch 
in accordance with said longitudinal acceleration 
when said wheel spin condition signal is in said 
second signal state. 

15. A driving force distribution control system 
45 according to Claim 14 wherein said controlling 

means comprises a first processing means for pro- 
ducing a first intermediate signal representing a 
first desired clutch engagemnt force which in- 
creases as said wheel speed difference increases, 

so a second processing means for producing a sec- 
ond intermediate signal representing a second de- 
sired clutch engagement force which increases as 
said longitudinal acceleration increases, and a third 
processing means for producing said control signal 

55 by selecting one of said first and second intermedi- 
ate signals. 

16. A driving force distribution control system 
according to Claim 15 wherein said third process- 
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ing means comprises a means for producing said 
control signal representing said first desired clutch 
engagement force when said wheel spin condition 
signal is in said first signal state, and a means for 
producing said control signal, when said wheel spin 
condition signal is in said second signal state, in 
such a manner that the magnitude of said control 
signal is equal to said first desired clutch engage- 
ment force if said first desired clutch engagement 
force is greater than said second desired clutch 
engagement force, and equal to said second de- 
sired clutch engagement force if said second de- 
sired clutch engagement force is greater than said 
first desired clutch engagement force. 

17. A driving force distribution control system 
according to Claim 15 wherein said third process- 
ing mean includes a means for holding said control 
signal equal to said second desired clutch engage- 
ment force for a limited time interval after said 
wheel spin condition signal changes from said sec- 
ond signal state to said first signal state. 

18. A driving force distribution control system 
according to Claim 15 wherein said third process- 
ing means comprises a holding means for holding 
•said control signal equal to said second desired 
clutch engagement force as long as said second 
desired clutch engagement force is greater than 
said first desired clutch engagement force, even if 
said wheel spin condition signal changes from said 
second signal state to said first signal state. 

19. A driving force distribution control system 
according to Claim 18 wherein said third process- 
ing means comprises a preventing means for pre- 
venting said second clutch engagement force from 
increasing when said wheel spin condition signal is 
in said first signal state. 

20. A driving force distribution control system 
according to Claim 19 wherein said holding means 
includes a means for producing said control signal 
whose magnitude is equal to said first desired 
clutch engagement force if said first clutch engage- 
ment force is greater than said second clutch en- 
gagement force, and equal to said second desired 
clutch engagement force if said second clutch en- 
gagement force is greater than said first engage- 
ment force. 

21. A driving force distribution control system 
according to Claim 4 wherein said controlling 
means further comprises a fourth processing 
means for decreasing the magnitude of said control 
signal when the vehicle is in a predetermined state. 

22. A driving force distribution control system 
according to Claim 21 wherein said fourth process- 
ing means includes a means for reducing said 
second desired clutch engagement force to zero 
when said longitudinal acceleration is equal to or 
lower than a predetermined threshold level. 

23. A driving force distribution control system 


according to Claim 21 wherein said control system 
comprises an accelerator position sensor for sens- 
ing a position of an accelerating system of the 
engine, and said fourth processing means includes 
5 a means for reducing said second desired clutch 
engagement force to zero when said accelerating 
system is in an idle position. 
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<£) Driving force distribution control system for 4WD vehicle. 
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© A driving force distribution control system for a 
vehicle includes a torque distributing clutch for vary- 
ing a driving force transmitted to a secondary drive 
wheels in response to a control signal, sensors for 
deterrrjLining..a wheel speed difference between the 
wheel speed of primary drive wheels and the wheel 
speed of the secondary drive wheels, and a longitu- 
dinal acceleration, and a control unit for controlling 
the clutch engagement force of the torque distribut- 


ing clutch by producing the control signal. The con- 
trol unit has a first control mode for normally control- 
ling the clutch engagement force in accordance with 
the wheel speed difference, and a second control 
mode for controlling the clutch engagement force in 
accordance with the longitudinal acceleration so as 
to prevent undesired hunting when a wheel spin of 
the primary or secondary drive wheels is detected. 
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